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Abstract The co-cultivation of tissue explants with

beneficial microbes induces numerous developmental and

metabolic alterations in the resulting plantlets conferring

enhanced tolerance to abiotic and biotic stresses. In the

present study we have co-cultivated plant growth promot-

ing rhizobacteria (PGPR) exhibiting multiple plant growth

promoting activities with the in vitro raised saffron corm-

lets for evaluating various morphogenetic responses like

proliferation, germination and weight increment of corm-

lets. The results obtained indicate the significant effect of

Pseudomonas sp., Bacillus subtilis and Pantoea sp. in

weight increment of cormlets. Proliferation of cormlets was

also significantly improved with Pantoea sp. ? Bacillus

subtilus ? Pseudomonas sp. on MS liquid medium. Simi-

larly, the co-cultivation with Acinetobacter haemolyticus,

Accintobacter lwoffii and Pantoea sp. resulted in 100 %

germination of cormlets. The root system of cormlets was

found denser and thicker than the control cormlets. How-

ever, rhizobacterial cormlets exhibited lower values of root

length than non-treated cormlets. This study represents

earliest report across the globe with suitable and repro-

ducible protocol for corm development through PGPRs.

Keywords Co-cultivation � In vitro culture �
Rhizobacteria � Saffron

Abbreviations

BAP Benzyl aminopurine

NAA Naphthalene acetic acid

IAA Indole acetic acid

PGP Plant growth promoting

PGPR Plant growth promoting rhizobacteria

PSB Phosphate solubilizing bacteria

Introduction

Kashmir valley has an inimitable significance in saffron

production in entire India covering exclusively 4,496

hectares. In the recent years, there has been 83 % decline in

cultivation resulting in consequent 21.5 % decrease in

production and 72 % in productivity (Husaini et al. 2010).

The decline has been attributed to many factors, such as

conventional cultivation practices, pathogenic infections to

corms and reduction in arable land suitable for saffron

cultivation (Kamili et al. 2007). Sterility in saffron which

limits the application of conventional breeding approaches

for its further improvement is major constraint for its low

productivity. In vitro mass production of pathogen free

corms offers a tremendous scope. However, the current

protocol available for in vitro corm production is inade-

quate (Devi et al. 2011; Parray et al. 2012) for the pro-

duction of multiple flowering corms. To validate and
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commercialize the technique for enhanced saffron pro-

duction, there is an immediate need to improve the existing

protocol. Hence, progress of modern technology for quick

propagation methods and high yielding varieties is con-

sidered to be important from commercial point of view.

In vitro co-culture of tissue explants with beneficial

microbes induces developmental and metabolic changes in

the resulting plantlets which confer them enhanced toler-

ance against varied abiotic and biotic stresses, this phe-

nomenon is known as ‘‘biotization’’ (Nowak 1998).

PGPR’s have been studied for the past century as possible

inoculants for increasing plant productivity (Kloepper et al.

1991) and several mechanisms have been postulated to

explain how PGPR stimulate plant growth under in vivo

conditions. Souissi et al. 1997 inoculated leafy spurge

callus tissue with two rhizobacterial isolates, namely

Pseudomonas fluorescens isolate LS 102 and Flavobacte-

rium balustinum isolate LS 105 to investigate the mode

and/or mechanism of action of potential biocontrol agents

on their host plants. The prime objective of this study was

to determine the efficacy of already screened PGPR strains

with PGP activities on growth of cormlets of Crocus sat-

ivus L. under in vitro conditions. These PGR strains are

already documented for incased plant growth on various

crops including the C. sativus L. under greenhouse and

field conditions (Sharaf-Eldin et al. 2008). Keeping in view

the present knowledge, co-cultivation of rhizobacterial

strains with in vitro raised cells/tissues etc. seems to be one

of the appropriate approaches for mass propagation of the

desired plant. In this context, the present study was under

taken to evaluate the role of rhizobacterial strains isolated

from saffron soil in in vitro saffron culture for enhancing

proliferation, weight and germination of in vitro cormlets.

Materials and methods

In vitro culture and isolation/identification

of rhizobacterial strains.

In vitro culture

The collection, sterilization, establishment of in vitro cul-

ture of saffron corms was carried out as reported previously

(Parray et al. 2012).

Plant material

Corms of C. sativus L. Kashmirianus were collected from

Pampore area of Kashmir, J&K, India and were thoroughly

washed with detergent Extran (0.5 %) and Tween-20

(surfactant) with tap water followed by rinsing with double

distilled water. Subsequently these were surface disinfected

with 70 % ethanol for 1 min followed by 0.5 % HgCl2 (w/

v) for 6 min and washed five times with sterilized double

distilled water. All the chemicals, unless otherwise speci-

fied, were obtained from Hi-Media Mumbai Pvt. Ltd.

Culture media

MS basal medium supplemented with different concentra-

tions of sucrose (Hi-media), Difcobacto agar (Qualigens,

India) and different concentrations of plant growth regu-

lators (PGRs; Hi-media) were prepared. The pH was

adjusted to 5.6–5.8 with 1 N HCl or 1 N NaOH and finally

dispensed into 100 and 250 ml Erlenmeyer flasks (boro-

silicate glass) plugged with non-absorbent cotton. The

media were sterilized in an autoclave for 15 min at 121 �C

and cultures were incubated at 25 ± 2 �C under 16 h

photoperiod, illuminated with cool white fluorescent tubes,

at irradiance of 100 lmol m-2s-1. The experiments were

performed in completely randomized block design, repe-

ated three times; each treatment had 05 replicates.

Establishment of in vitro culture

The sterilized corms were cut with a sharp scalpel into

slices and these were cultured on MS (1/2) medium with

different concentrations of auxins and cytokinins. Since in

our previous report (Parray et al. 2012) highest number of

comlets (70) were obtained via callusing on MS (1/2)

medium supplemented with TDZ (20 lM) ? IAA (10 lM)

after 8 weeks, and this media combination was used in

consecutive experiments for the use of PGPR for the

cormlet proliferation. The in vitro regenerated cormlets

sub-cultured on MS ? BAP (20 lM) ? NAA (15 lM)

resulted in 90 % germination and accordingly this media

combination was used for further enhancement in germi-

nation of cormlets. Similarly, the in vitro raised cormlets

sub cultured on plant nutrient medium (MS) attained a

maximum corm weight of 2.5 g using TDZ

(15 lM) ? IAA (12.5 lM) and BAP (20 lM) ? NAA

(15 lM) and these two media combinations were sepa-

rately used for further increment in weight of cormlets via

cocultivation of PGPRs.

Isolation and Identification of PGPRs

The isolation, identification and in vitro screening of rhi-

zobacterial strains for PGP traits was carried out as per our

previous published report (Parray et al. 2013).

Sampling process and bacterial isolation/identification

The rhizosphere saffron soil samples were collected in the

month of September to October 2010 during the flowering
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of saffron corms from the saffron field in Pampore area,

J&K, India for isolation of rhizobacterial strains with

beneficial traits like siderophore production, phosphate

solubilization and IAA production. The corms were

uprooted and the soil adhering to the roots which represent

rhizosphere soil were shaken from the roots and collected

in sterilized plastic bags. The soil samples were then

transported to the microbiology laboratory of the Centre of

Research for Development (CORD), University of Kash-

mir, for immediate processing. To isolate bacteria, 1 g of

soil sample was transferred to 9 ml distilled water and was

serially diluted. Diluted suspensions were spread plated on

LB agar medium and were incubated at 28 �C for 24 h.

Representative colonies were randomly selected from the

countable plates and re-streaked onto new plates of the

different media to obtain pure colonies. A total of 23 iso-

lates obtained in this manner were maintained on agar

slants. Because many isolates were morphologically

indistinguishable in culture, preliminary characterization

procedures including cytochrome oxidase (Kovacs 1956),

oxidative fermentation (Hugh and Leifson 1953), catalase

and motility tests were conducted. Based on these pre-

liminary microscopic/macroscopic characterizations, six

(06) isolates were chosen from the original 23 isolates and

were subjected to biochemical tests using strain specific

biochemical kits (Hi-media).The three types of kits used as

per the strain were KB002 for Gram negative rods, KB013

for gram Positive bacillus and KB001 for Enterobacteria-

ceae. The strains were identified as per the chart sheet of

the kits to the nearest value. The strains were further

authenticated using Vitex-2 sophisticated equipment com-

prising of 64 tests at Dr Qadri’s laboratory, Karanagar

(J&K) India. Pure cultures of isolates stored at -80 �C in

nutrient broth supplemented with 200 mg/g glycerol were

used for the screening of growth promoting activities.

Screening for PGP activities

Quantitative estimation of IAA production was detected by

the method as described by Brick et al. (1991). The amount

of soluble phosphate was measured by the colorimetric

method as described by King (1932) and percentage of

siderophore production by PGPRs was detected as descri-

bed by Schwyn and Neilands (1987).

Co-cultivation

The six rhizobacterial strains—Pseudomonas sp.

JCORD01, Klebsiella sp. JCORD04, Bacillus subtilis

JCORD06, Acinetobacter haemolyticus-JCORD08, Acine-

tobacter lwofii-JCORD09 and Pantoea sp. JCORD23 were

selected on the basis of their plant growth promoting

properties (Parray et al. 2013). The trails were carried out

either using single or multiple inoculums of strains. The

30–70 days old in vitro raised cormlets were co-cultivated

with rhizobacterial strains on nutrient MS medium (Mu-

rashige and Skoog 1962) for desired morphogenetic

responses. The MS medium used was supplemented with

3 % sucrose solidified with 8 % agar augmented with both

auxins and cytokinins however, their concentrations and

combinations varies with treatments. The medium was

adjusted to pH 5.6 prior to autoclaving at 15 psi for 25 min.

After inoculation, all the cultures were kept for incubation

under cool fluorescent tubes at day night regime of 16 h

photoperiod with light intensity of 1,500–3,000 lux at a

constant temperature of 25 ± 3 �C. Relative humidity

between 60 and 70 % was maintained. However, the broth

cultures were incubated in an orbital shaker (Remi) at

60 rpm and were exposed to continuous fluorescent light at

25 ± 5 �C for a month. The 1-month duration was suffi-

cient for plantlets to absorb all nutrients that were available

in the media. The 30 ml MS liquid medium was replenish

with same fresh medium at 2 week intervals.

For inoculum preparation, each isolate was grown sep-

arately in nutrient broth (Kado and Heskett 1970). The

density of colony forming units (c.f.u.) in cell suspensions

of each isolate was estimated from absorbance measure-

ments at 600 nm. A density of approximately 1 9 107–

1 9 108 cfu/ml was used in all experiments. The inoculum

suspensions were kept in a refrigerator at 4 �C prior to use.

About 0.1 ml of 1 9 107–1 9 108 cfu/ml of rhizobacterial

strains was used for inoculation purposes and rhizobacterial

cells were inoculated at a distance of about 2 cm from the

explants (Mahmood et al. 2010).

The whole experiment for co-cultivation was divided

into three sequential experiments. Exp. I—Each explant

was inoculated with individual rhizobacterial strains. Exp.

II—Each explant was co-cultured with different combina-

tions of rhizobacterial strains. Exp. III—Each explant was

cultured without any rhizobacterial strains (Control). The

combinations of strains was first tested on nutrient MS

media to observe the antagonistic effects of strains and

later on were recommended for the co-cultivation. The

cultures were than incubated in a culture room in a same

way as for the cultures kept under normal growth condi-

tions. After 30 to 45 days of culture, if possible, the bac-

terized cells were transferred to the fresh MS medium i.e.

without bacterial strains. Growth responses in terms of

germination, cormlet size and number were recorded after

10–12 weeks of culture period.

Growth evaluation of in vitro raised corms under field

conditions

The in vitro raised cormlets were categorized into three

groups, with a minimum weight of 3.0, 4.0, and 5.0 g.
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These cormlets were taken out from culture vials and after

shade drying (7 days) in a well ventilated room with room

temperature (25 �C), were transplanted into small pots

containing clay loamy soil. Misting of the cormlets was

done as per the need until the germination of cormlets.

Statistical analysis

The whole experiment was performed in a randomized

complete block with 05 replications and one–two plant

parts per replication. Data were subjected to analysis of

variance using SSPP software version 17.0 (SAS Institute

Inc., Cary, NC, USA). The growth response of explants

under normal conditions and also under the influence of

PGPR treatments were considered significant according to

the magnitude of the F value (P B 0.005).

Results

In this study, the isolated pure rhizobacterial strains with

PGP traits were co-cultivated with in vitro raised cormlets

of C. sativus and morphogenetic responses of in vitro

cormlets like their multiplication, germination and weight

increment was studied.

Multiplication of cormlets cultured with rhizobacterial

strains

The in vitro raised cormlets were co-cultured with different

combinations of PGPRs for enhancing the multiplication of

cormlets in � MS liquid media augmented with TDZ

(20 lM)/IAA (10 lM). About 30 ± 2.54 cormlets were

obtained on � MSliq. ? TDZ (20 lM) ? IAA (10 lM)

without PGPRs (Fig. 1a). The MS liquid medium proved to

be effective in terms of proliferation of cormlets co-culti-

vated with PGPRs. Among all the treatments, the combi-

nation of Pantoea sp., Bacillus subtilus and Pseudomonas

sp. was found to be the best treatment resulting in cormlet

proliferation up to 50 after 12 weeks of culture period

(Table 1; Fig. 1b). However, from the data obtained per-

taining to the cormlet proliferation, it was observed that

Pantoea sp. was found to be the useful strain either indi-

vidually or in combination with B. subtilis or Klebsiella sp.

Germination of cormlets co-cultured with rhizobacterial

strains

Experiments were also carried out to study germination of

in vitro raised cormlets co-cultivated with six PGPRs

(Pantoea sp., B. subtilus, Pseudomonas sp., Klebsella sp., A.

lwoffii and A. haemoliticus) on MS nutrient medium ? BAP

(20 lM) ? NAA (15 lM). The germination response of

cormlets was recorded about 90 % without the PGPRs

(Fig. 1c). The Pseudomonas sp. and Klebsella sp. facilitated

germination of cormlets with rhizogenesis with average

germination initiation after 35 and 28 days respectively.

Similarly, here in these trials the combination of PGPRs was

found effective for germination of cormlets. The maximum

germination response (100 %) of cormlets with germination

initiation after 26 days was observed on MS medium co-

cultivated with A. lwoffii, A. haemoliticus and Pantoea sp.

(Figure 1d) followed by 95 % germination response of

cormlets co-cultiavted with A. lwoffii and A. haemoliticus

inoculants after 12 weeks of culture period. The PGPRs from

native saffron rhizosphere were found effective in plantlet

formation both with root and shoots as compared to control

(Table 2).The root system of cormlets was found denser and

thicker than the control cormlets. The root number as well as

shoot number increased over time in both bacterised and

non-treated cormlets, although values for former were

always significantly higher In the case of root length, rhi-

zobacterial cormlets showed lower values than non-treated

cormlets, although differences were non-significant. The

root system exhibited interesting observation as illustrated in

Table 2, the highest number of roots (2.74 ± 0.77) as well as

maximum root weight (0.380 ± 0.06 g) were observed on

the MS ? BAP (20 lM) ? NAA (15 lM) ? A. haemolyt-

icus ? Accintobacter lwoffii ?Pantoea sp., however, root

length was reduced to 1.41 ± 0.45 cm. While the control

samples exhibited maximum root length (3.5 ± 0.54 cm),

and minimum root weight (0.095 ± 0.028 g). Thus it can be

conjectured from the results that there exists inverse

response between the weight and number of roots with

respect to length of root system.

Increase in weight of cormlets co-cultivated with plant

growth isolates

In this experiment, trials were carried out for enhancing the

weight of cormlets on MS medium augmented with two

phytohormonal combinations i.e. MS ? BAP (20 lM) ?

NAA (15 lM) and MS ? TDZ (15 lM) ? IAA (10 lM).

The average initial weight of cormlets used in these experi-

ments was 0.45 g. The average weight of cormlets obtained

on above respective media combinations without the PGPRs

was only 2.5 g (Fig. 1e). However, the weight of cormlets

varied significant (P \ 0.005) after co-cultivation with

PGPRs.

In first trial, MS ? BAP (20 lM) ? NAA (15 lM)

combination was used for co-cultivation. The PGPRs were

inoculated either singly or in combination. The combina-

tion of PGPRs proved to be effective for enhancing the

weight of cormlets. Here, the significant increase in weight

(4.42 g) of cormlets was obtained on MS medium co-cul-

tivated with B. subtilis, A. lwofii and A. haemoliticus

328 Plant Cell Tiss Organ Cult (2015) 121:325–334

123



(Fig. 1f) followed by 4.22 g on nutrient medium co-culti-

vated with B. subtilis, Pantoea sp. and A. haemoliticus after

12 weeks of culture period. It was also observed that only

2.93 g increase in weight of cormlets was observed on MS

medium co-cultivated with A. lwoffi (Table 3). However, in

some cases irregular shaped cormlets were formed

(Fig. 1g, h). It is pertinent to mention here that some of the

bacterized cormlets had to be transferred onto same fresh

nutrient medium without any strain and growth of cormlets

was recovered.

In another trial, cormlets were co-cultivated with PGPRs

on MS medium ? TDZ (15 lM) ? IAA (10 lM). Among

the PGPRs, Pseudomonas sp., A. lwofii, B. subtilis and

Pantoea sp. were found effective in enhancing the weight

of cormlets. The significant weight (P \ 0.005) of cormlets

5.01 g was observed on nutrient medium co-cultivated with

Pseudomonas sp., B. subtilis and Pantoea sp. with average

40 % response (Figs. 1i, j) followed by 4.18 g on same

medium co-cultivated with Pseudomonas sp., B. subtilis

and A. lwofii after 12 weeks of culture period.

Again, in this experiment, combination of strains was

found to be effective for weight increment. The significant

difference with respect to control (P \ 0.005) in terms of

cormlet weight was observed due to the bacterial inocula-

tion (Table 3). It was also observed that besides the

PGPRs, the varied hormonal media combination proved to

Fig. 1 In vitro cormlet development of Crocus sativus L. under the

influence of rhizobacterial strains under in vitro conditions: a multiple

cormlets on � MS (liquid) ? TDZ (20 lM) ? IAA (10 lM) {Con-

trol} b multiple cormlets on � MS (liquid) ? TDZ (20 lM) ? IAA

(10 lM) ? Pantoea sp. ? B. subtilus ? Pseudomonas sp. c complete

germination on MS ? BAP (20 lM) ? NAA (15 lM) {Control}

d complete germination on MS ? BAP (20 lM) ? NAA

(15 lM) ? Acinetobacter lwofii ? Acinetobacter haemoliti-

cus ? Pantoea sp. e increase in weight of cormlets on MS ? BAP

(20 lM) ? NAA(15 lM) {Control} f increase in weight of cormlets

on MS ? BAP (20 lM) ? NAA(15 lM) ? Bacillus subtilis ? Pan-

toea sp. ? Acinetobacter haemoliticus g, h irregular cormlet forma-

tion on MS ? BAP (20 lM) ? NAA (15 lM) ? Bacillus

subtilis ? Acinetobacter lwofii ? Acinetobacter haemoliticus i,
j increase in weight of cormlets on MS ? TDZ (15 lM) ? IAA

(10 lM) ? Pseudomonas sp. ? Bacillus subtilis ?Pantoea sp.
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be also an important factor that affects the weight of

cormlets as in our study TDZ/IAA combination was found

more responsive for the same. In the present study, a

reproducible protocol for multiple cormlet development

using normal growth promoters as well as the PGPRs was

developed.

The in vitro raised cormlets with varied size ranges

3–5 g as illustrated in Table 4 were transferred to green

house for evaluating the growth response. The results

observed demonstrate 79 % of vegetative growth response

with 5.0 g corm weight.

Discussion

Our study reveals that the PGPRs exhibit significant impact

on growth and development of cormlets with respect to

control under in vitro condition. The effects of PGPRs are

considered to be highly specific with respect to plant and

bacterial genotypic combination (Rennie and Larson 1979).

The results of the present study support the hypothesis that

all the six PGPRs were able to promote the growth of

cormlets under in vitro conditions which is attributed to

host specific variations (Smith and Goodman 1999). The

isolates were selected based on their ability to produce high

levels of auxin (IAA) and/or other functional assays for

plant growth promotion (Parray et al. 2013).

An extensive literature is available documenting the

beneficial aspects of screening and employing PGPR’s

from crop plants however, there is scarce research done on

corm development under in vivo conditions in saffron via

PGPR (Ambardar and Vakhlu 2013; Parray et al. 2013).

Sharaf-Eldin et al. (2008) reported that inoculation of

saffron (C. sativus L.) corms with B. subtilis FZB24 under

ex-vitro conditions significantly increased leaf length,

flowers per corm, weight of the first year flower stigma,

total stigma biomass and significantly declined the time

period requisite for corm sprouting and the number of

shoots which could be basis for development of protocol

for use of native saffron PGI in tissue culture for growth

and development of cormlets.

The present hypothesis is further supported by Om et al.

(2009) who reported that inoculation of oil palm tissues

with selected diazotrophic rhizobacteria during in vitro

micropropagation enabled early associative interactions

between the bacteria and the host plants that allowed better

adaptation of the host plants to environmental conditions

and a higher survival rate for the host plants. All the PGPRs

i.e. Pseudomonas sp., Klebsella sp., B. subtilis, A. lwofii, A.

haemoliticus and Pantoea sp. were able to enhance the

growth of cormlets either alone or in combination in our

study. The microbial symbiosis with plants can synthesize

hormones similar to those produced by the plant as growth

regulator such as auxins, gibberellins and cytokinins (Melo

Table 1 Influence of rhizobacterial strains on cormlet proliferation under in vitro conditions

Treatments** Cormlet proliferation

(number)

% age cormlets

regenerated

Control 30 ± 2.54cd 70

N1 ? Pseudomonas sp. 20 ± 2.44b 60

N1 ? Klebsiella sp. 35 ± 2.88e 50

N1 ? Bacillus subtilis 30 ± 2.54cd 55

N1 ? Pantoea sp. 38 ± 3.08ef 75

N1 ? Pseudomonas sp. ? Bacillus subtilis 0.0 ± 0.00a,# 0

N1 ? Pseudomonas sp. ? Klebsiella sp. 27 ± 3.43cd 55

N1 ? Klebsiella sp. ? Bacillus subtilis 25.0 ± 2.73c 55

N1 ? Pseudomonas sp. ? Pantoea sp. 0.0 ± 0.00a,# 0

N1 ? Klebsiella sp. ? Pantoea sp. 40 ± 4.69ef 80

N1 ? Bacillus subtilis ? Pantoea sp. 40 ± 2.38ef 60

N1 ? Pseudomonas sp. ? Klebsiella sp. ? Bacillus subtilis 30 ± 2.12cd 40

N2 ? Pseudomonas sp. ? Klebsiella sp. ? Pantoea sp. 0.0 ± 0.00a,# 0

N1 ? Klebsiella sp. ? Bacillus subtilis ? Pantoea sp. 37 ± 1.23ef 65

N1 ? Pseudomonas sp. ? Bacillus subtilis ? Pantoea sp. 50 ± 1.65g 80

N1 ? Pseudomonas sp. ? Klebsiella sp. ? Bacillus subtilis ? Pantoea sp. 0.0 ± 0.00a,# –

Data are mean ± SD (n = 5) collected after 12 weeks of culturing period

Values along the columns with same superscript are significant

N1 = 1/2 MSliquid ? TDZ (20 lM) ? IAA (10 lM)

** 0.1 ml culture of each rhizobacterial strain was used for inoculation
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1998). Jimtha et al. 2014 identified of Ralstonia sp. from

somatic embryogenic cultures of banana (Musa accuminata

AAA cv. Grand Naine) and confirmed its plant growth

promoting properties including indole acetic acid and sid-

erophore production.

Among them, auxins (IAA) are one of the most well-

known phytohormones because of their important role in

the initial processes of lateral and adventitious root

formation (Gaspar et al. 1996) and shoot elongation (Yang

et al. 1993). The other possible mechanisms may be

nutrient solubility or fixation and siderophore production,

activation of phosphate solubilization (Lalande et al. 1989).

Further the efficiency of microbes in plant growth pro-

motion and the absence of competition from other soil-

borne microbes under controlled conditions is well docu-

mented (Carletti et al. 1998; Weller 2007).

Table 2 Effect of rhizobacterial strains on germination of cormlets under in vitro conditions

Treatments** Germination

initiation

(days)

Germination

(%)

Root

number

mean ± SD

Root

length (cm)

mean ± SD

Root

weight (g)

mean ± SD

Control 48 90 1.2 ± 0.09 3.5 ± 0.54 0.095 ± 0.028

N2 ? Pseudomonas sp. 35 65 1.3 ± 0.43 1.91 ± 0.65 0.198 ± 0.083

N2 ? Klebsiella sp. 28 80 1.55 ± 0.89 1.65 ± 0.32 0.310 ± 0.021

N2 ? Bacillussubtilis 0 0# – – –

N2 ? Acinetobacter haemolyticus 0 0# – – –

N2 ? Acinetobacter lwoffii 0 0# – – –

N2 ? Pantoea sp. 42 40 1.66 ± 0.4 2.11 ± 0.42 0.203 ± 0.16

N2 ? Pseudomonas sp. ? Bacillus subtilis 32 55 1.48 ± 0.91 2.07 ± 0.13 0.210 ± 0.14

N2 ? Pseudomonas sp. ? Klebsiella sp. 0 0# – – –

N2 ? Pseudomonas sp. ? Acinetobacter haemolyticus 0 0# – – –

N2 ? Pseudomonas sp. ? Acinetobacter lwoffii 0 0# – – –

N2 ? Pseudomonas sp. ? Pantoea sp. 0 0# – – –

N2 ? Klebsiella sp. ? Bacillus subtilis 34 40 1.54 ± 0.34 1.98 ± 0.19 0.189 ± 0.098

N2 ? Klebsiella sp. ? Acinetobacter haemolyticus 41 40 1.63 ± 0.23 2.02 ± 0.87 0.211 ± 0.076

N2 ? Klebsiella sp. ? Acinetobacter lwoffii 0 0# – – –

N2 ? Klebsiella sp. ? Pantoea sp. 0 0# – – –

N2 ? Bacillus subtilis ? Acinetobacter haemolyticus 42 70 1.8 ± 0.55 1.56 ± 0.73 0.260 ± 0.13

N2 ? Bacillus subtilis ? Acinetobacter lwoffii 46 30 1.53 ± 0.29 2.26 ± 0.12 0.150 ± 0.098

N2 ? Bacillus subtilis ? Pantoea sp. 26 80 2.1 ± 0.65 1.57 ± 0.16 0.300 ± 0.16

N2 ? Acinetobacter haemolyticus ? Acinetobacter lwoffii 38 95 2.34 ± 0.14 1.42 ± 0.43 0.367 ± 0.11

N2 ? Acinetobacterhaemolyticus ? Pantoea sp. 30 80 1.95 ± 0.83 1.96 ± 0.79 0.290 ± 0.07

N2 ? Acinetobacter lwoffii ? Pantoea sp. 30 80 2.11 ± 0.40 1.48 ± 0.86 0.294 ± 0.19

N2 ? Pseudomonas sp. ? Klebsiella sp. ? Bacillus subtilis 0# – – –

N2 ? Acinetobacter haemolyticus ? Acinetobacter

lwoffii ? Pantoea sp.

26 100 2.74 ± 0.77 1.41 ± 0.45 0.380 ± 0.06

N2 ? Pseudomonas sp. ? Acinetobacter lwoffii ? Pantoea sp. 36 60 1.87 ± 0.54 1.74 ± 0.80 0.240 ± 0.098

N2 ? Pseudomonas sp. ? Klebsiella sp. ? Bacillus

subtilis ? Pantoea sp.

31 50 1.46 ± 0.63 1.89 ± 0.17 0.237 ± 0.13

N2 ? Pseudomonas sp. ? Acinetobacter haemolyticus

? Acinetobacter lwoffii ? Pantoea sp.

29 60 1.76 ± 0.13 1.78 ± 0.35 0.241 ± 0.087

N2 ? Bacillus subtilis ? Acinetobacter

haemolyticus ? Acinetobacter lwoffii ? Pseudomonas sp.

34 45 1.61 ± 0.26 1.96 ± 0.27 0.176 ± 0.056

N2 ? Bacillus subtilis ? Acinetobacter lwoffii ? Pseudomonas

sp. ? Pantoea sp.

38 40 1.45 ± 0.12 2.06 ± 0.93 0.155 ± 0.043

Data are mean ± SD (n = 5) collected after 10 weeks of culturing period

N2 = MS ? BAP (20 lM) ? NAA (15 lM)

** 0.1 ml culture of each rhizobacterial strain was used for inoculation
# The cormlets didn’t survive and withered away
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In the present study, PGPRs significantly enhanced the

growth and development of cormlets. Pantoea sp. was

found to exhibit profound effect on enhancing the size of

in vitro cormlets and its role is being reported (Huo et al.

2012) under hydroponic culture in Panicum maximum.

Under in vitro condition PGPRs significantly produce

biochemical and histological modifications, rhizogenesis,

growth promotion and reduction of hyperhydricity of

in vitro cultured plants (Frommel et al. 1991; Mahmood

et al. 2012).The co-cultivation of multiple PGPRs with

saffron cormlets significantly improves growth and devel-

opment of cormlets which may be the case of synergism

(Mahmood et al. 2010). The co-cultivation of multiple

PGPRs in other plants is well documented, two strains of P.

maltophilia in vitro soybean cotyledon explants (Yang

et al. 1991), Acetobacter diazotrophicus (R12) and Azo-

spirillum brasilense (Sp7) with in vitro oil Palm plants

(Om et al. 2009).

Thomas et al. 2010 evaluated the efficiency of native

isolates of P. fluorescens, A. brasilense, and Trichoderma

Table 3 Effect of rhizobacterial strains on increase in size of cormlets under in vitro conditions

Treatments** MS ? BAP (20 lM) ? NAA (15 lM) MS ? TDZ (15 lM) ? IAA (10 lM)

Cormlet

weight (g)

Range % age

cormlets = 2 g

Cormlet

weight (g)

Range % age

cormlets = 2 g

Control 1 2.34 ± 1.09c 1.1–2.56 55 – – –
#Control 2 – – – 2.5 ± 0.36bc 1.4–2.73 60
#Pseudomonas sp. – – – 4.13 ± 0.46e 2.4–4.75 50

Bacillussubtilis 2.57 ± 1.32c 1.0–2.87 65 2.92 ± 0.56bc 2.09–3.17 60

Acinetobacter haemolyticus 2.95 ± 2.0c 1.4–3.12 45 – – –
#Acinetobacter lwoffii 2.93 ± 0.9c 1.2–3.10 50 – – –
#Pantoea sp. – – – 3.62 ± 0.58d 2.25–4.10 75

Bacillus subtilis ? Acinetobacter haemolyticus 3.21 ± 0.12c 1.53–3.5 70 – – –
#Pseudomonas sp.? Bacillus subtilis – – – 4.06 ± 0.45de 3.1–4.3 40
#Pseudomonas sp. ? Acinetobacter lwoffii – – – 3.7 ± 0.40d 1.93–4.1 40
#Pseudomonas sp.? Pantoea sp. – – – 3.96 ± 0.41de 2.1–4.2 45
#Bacillus subtilis ? Acinetobacter lwoffii 4.1 ± 0.24cde 2.2–4.6 50 – – –
#Bacillus subtilis ? Pantoea sp. – – – – – –

Acinetobacter haemolyticus ? Acinetobacter

lwoffii

3.28 ± 0.32c 1.4–3.6 55 1.80 ± 0.40b 0.95–2.20 55

Acinetobacter haemolyticus ? Pantoea sp. 2.4 ± 0.13c 0.9–2.6 60 2.84 ± 0.59bc 1.54–3.2 65

Acinetobacter lwoffii ? Pantoea sp. 3.4 ± 1.50cd 2.1–4.1 60 2.00 ± 0.0b 1.08–2.21 55

Bacillus subtilis ? Acinetobacter

haemolyticus ? Acinetobacter lwoffii

4.42 ± 0.88ef 2.6–4.8 45 – – –

#Pseudomonas sp. ? Bacillus subtilis ? Acineto

bacter lwoffii

– – – 4.18 ± 0.21e 3.1–4.73 40

#Pseudomonas sp. ? Bacillus subtilis ? Pantoea

sp.

– – – 5.01 ± 0.44f 3.2–5.34 40

Bacillus subtilis ? Psuedomonas sp. ? Pantoea

sp.

4.0 ± 1.87cd 3.3–4.5 55 – – –

Acinetobacter haemolyticus ?Acinetobacter lwoffii

?Pantoea sp.

1.1 ± 0.07b 0.7–1.5 – 1.90 ± 0.20b 0.96–2.25 35

Acinetobacter lwoffii ?Pantoea sp. ? Bacillus

subtilis

4.22 ± 1.98def 2.7–4.61 45 2.60 ± 0.40bc 1.13–3.0 40

Acinetobacter haemolyticus ?Acinetobacter lwoffii

?Pantoea sp.

0.9 ± 0.13ab 0.5–1.02 – 0.61 ± 0.34a 0.5–1.09 –

Data are mean ± SD (n = 5) collected after 12 weeks of culturing period, Initial weight of cormlets was uniform for all treatments

(weightinitial = 0.45 g)

Values along the columns with same superscript are non-significant

Control1 = MS ? BAP (20 lM) ? NAA (15 lM)

Control 2 = MS ? TDZ (15 lM) ?IAA (10 lM)

** 0.1 ml culture of each rhizobacterial strain was used for inoculation
# The cormlets withered away during the treatment
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harzianum on rooting and acclimatization of in vitro-grown

shoots and plantlets of tea. They have evaluated acclima-

tization of rooted plantlets in soil amended with these bio-

inoculants, either independently or in diverse combina-

tions, enhanced plantlet survival. Root rot or wilting of

tissue culture-derived plants was not evaluated in bio-

inoculant-treated plants, as they exhibited comparatively

elevated activities of defense enzymes, together with per-

oxidase and phenylalanine ammonia lyase.

Employing regular plant growth regulators like {cyto-

kinins (BAP and TDZ) and auxins (NAA and IAA)} sup-

plemented in nutrient medium proved beneficial in our

study. The impact of bacterial auxin production on plant

root growth likely depends not only on endogenous root

auxin levels, but also on the existence of other bacterial

characteristics that may minimize auxin impact (Kende

1993).

In present study, both phosphate solubilizing, B. subtilis

and Pseudomonas sp were found efficient in enhancing the

weight and germination of cormlets which may be due to

their myoinositol solubilizing capacity in the nutrient

medium and the results obtained during the present study

are in agreement with the findings of Mohan and Radha-

krishnan (2012) who reported similar observation after co

cultivating the PSB (phosphate solubilizing bacteria) iso-

lates KED-4 B. subtilis and TCO-6 (P. fluorescence) with

in vitro raised teak plantlets. Similarly for the in vitro

rooting of banana plantlets (Mahmood et al. 2010) and

hardening of tissue cultured tea plantlets (Pandey et al.

2000) both Bacillus and Pseudomonas species were

effective.

Co-cultivation of saffron cormlets with PGPRs led to the

growth of cormlets without the actual root system. Cer-

tainly IAA-producing bacteria evidently alter root elonga-

tion and root architecture, but still it is not clear whether

impacts of these bacteria on shoot growth are because of

direct long-distance IAA signaling or indirect effects of

altered root system performance on water and nutrient

capture (Richardson 2001). The main reasons for enhanc-

ing the growth of cormlets may be due to the release

phytohormones or other volatile compounds that act

directly or indirectly to activate plant immunity or regulate

plant growth and morphogenesis (Soundarapandian and

Dhandayuthapani 2010). Also the identification of signals

from free-living bacteria and fungi that interact with plants

in a beneficial way reveal that the classic plant signals such

as auxins and cytokinins can be produced by microorgan-

isms to efficiently colonize the root and modulate root

system architecture and while the other classes of signals,

including N-acyl-L-homoserine lactones used by bacteria

for cell to cell communication, can be perceived by plants

to modulate gene expression, metabolism and growth

(Ortiz-Castro et al. 2009). Plants produce a wide range of

organic compounds including sugars, organic acids and

vitamins, which can be used as nutrients or signals by

microbial populations (Ortiz-Castro et al. 2009).The com-

plete regeneration protocol for cormlet development using

both plant growth regulators as well as PGPRs were used

under in vitro conditions.

The eventual success of micro propagation on a com-

mercial scale depends on the ability to transfer plants out of

culture on a large scale, at low cost and with high survival

rates. After field transfer the in vitro grown plantlets were

unable to compete with soil microbes and to cope up with

the environmental conditions. In order to increase growth

and reduce mortality in plantlets at the acclimatization

stage, efforts are focused on the control of both physical

and chemical environment and bio-hardening of micro

propagated plantlets (Chandra et al. 2010).
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